Abstract. The association between the phosphodiesterase 3A (PDE3A) rs7134375 single nucleotide polymorphism (SNP) and serum lipid levels are not well understood in the general population. The present study was performed in order to detect the association between the rs7134375 SNP and serum lipid levels in the Guangxi Mulao and Han populations. The genotypes of the PDE3A rs7134375 SNP in 761 subjects of the Mulao population and 774 subjects of the Han Chinese population were determined by polymerase chain reaction and restriction fragment length polymorphism combined with gel electrophoresis, and then confirmed by direct sequencing. It was observed that serum low-density lipoprotein cholesterol and apolipoprotein B levels were higher in the Mulao population than in the Han population (P<0.05 for each). The frequencies of the C and A alleles were 72.14 and 27.86% in the Mulao population, and 78.55 and 21.45% in the Han population (P<0.01), respectively. The frequencies of the CC, CA and AA genotypes were 52.04, 40.21 and 7.75% in the Mulao population, and 61.50, 34.11 and 4.39% in the Han population (P<0.01), respectively. The frequencies of the C and A alleles were 74.89 and 25.11% in Mulao females, and 68.08 and 31.92% in Mulao males (P<0.01), respectively. The serum triglyceride (TG) levels were different among the genotypes in the Mulao population; however, not in the Han population (P<0.01), and the A allele carriers exhibited lower TG levels than the A allele noncarriers. The serum lipid parameters were also correlated with several environmental factors in the two ethnic groups (P<0.05-0.001). It was concluded that the genotypic and allelic frequencies of the rs7134375 SNP are different between the Mulao and Han populations. In addition, the PDE3A rs7134375 SNP is associated with serum TG levels in the Mulao population, however, not in the Han population.
Introduction
Coronary heart disease (CHD) is the leading cause of mortality and disability worldwide (1) . Consistent and compelling evidence has demonstrated the association between dyslipidemia and CHD (2) (3) (4) (5) . Dyslipidemia, particularly increased serum low-density lipoprotein cholesterol (LDL-C) and triglyceride (TG) levels, is a well-described risk factor for atherosclerosis and CHD (6) . It is well established that dyslipidemia is a complex trait caused by multiple environmental and genetic factors and their interactions (7) (8) (9) (10) . Family studies suggest that in numerous populations, approximately half of the variation in serum lipid profiles is genetically determined (11) . Previous genome-wide association studies (GWAS) in different populations have identified >95 loci associated with serum lipid levels (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Common variants at these loci together explain <10% of variation in each lipid trait. Rare variants with large individual effects may also contribute to the heritability of lipid traits (23) . Phosphodiesterase 3A (PDE3A), a gene located on chromosome 12p12, is a member of the PDE family, and is located in an intron of the gene. PDEs selectively catalyze the hydrolysis of 3' cyclic phosphate bonds in adenosine and/or guanine 3', 5' cyclic monophosphate (cAMP and/or cGMP). They regulate the cellular levels, localization and duration of action of these second messengers by controlling the rate of their degradation. PDE3A has a high affinity for cAMP and cGMP, and demonstrates competitive inhibition of the cAMP hydrolytic activity of cGMP. It is important in regulating intracellular levels of cAMP and cGMP (24) (25) (26) (27) (28) . The rs7134375 single nucleotide polymorphism (SNP) with an A/C variation in PDE3A has been associated with high-density lipoprotein cholesterol (HDL-C) (12, 29) ; however, it remains to be elucidated whether other serum lipid parameters have a connection with it.
China is a multi-ethnic country with 56 ethnic groups. The Han nationality is the largest ethnic group and the Mulao nationality is one of the 55 ethnic minorities with a population of 207,352 according to the fifth national census statistics Phosphodiesterase 3A rs7134375 single nucleotide polymorphism and serum lipid levels of China in 2000 (30) . The majority of this population have been living in the Luocheng Mulao Autonomous County (Guangxi Zhuang Autonomous Region, China). The history of this minority can be traced back to the Jin Dynasty (AD 265-420). A previous study demonstrated that the genetic association between the Mulao nationality and other minorities in Guangxi was significantly closer than that between the Mulao and Han or Uighur nationality (31) . To the best of our knowledge, however, the association between the rs7134375 SNP in PDE3A and serum lipid levels has not been previously reported in this population. Therefore, the present study was performed to evaluate the association between the rs7134375 SNP and several environmental factors with serum lipid levels in the Guangxi Mulao and Han populations. All the subjects were randomly selected from our previous stratified randomized samples (32, 33) . All the study subjects were healthy rural agricultural workers and had no evidence of diseases associated with atherosclerosis, CHD or diabetes. The participants were not taking medications known to affect serum lipid levels (for example lipid-lowering drugs, including statins or fibrates, beta-blockers, diuretics, contraceptives or hormones). The present study was approved by the Ethics Committee of the First Affiliated Hospital, Guangxi Medical University (Nanning, China). Informed consent was obtained from all the subjects following receiving a full explanation of the present study.
Materials and methods
Epidemiological survey. The survey was performed using internationally standardized methods (34) . Information concerning demographics, socioeconomic status and lifestyle factors was collected with standardized questionnaires. The information collected regarding alcohol intake, included the number of Liangs (~50 g) of rice wine, corn wine, rum, beer or liquor consumed during the preceding 12 months. Alcohol consumption was categorized into two groups depending on the grams of alcohol intake per day: ≤25 and >25. Smoking status was also categorized into groups depending on the number of cigarettes per day: ≤20 and >20. Height, weight and waist circumference were manually measured under the supervision of two individuals. Sitting blood pressure was measured using a mercury sphygmomanometer (Jiangsu Yuwell Medical Equipment and Supply Co., Ltd., Danyang, China). during three separate intervals after a 5 min rest period, and the average of the three measurements was used taken as the blood pressure. Body mass index (BMI) was calculated as the weight in kg divided by the square of height in meters (kg/m 2 ).
Biochemical analysis. Venous blood samples were obtained from all subjects following ≥12 h of fasting. The levels of serum total cholesterol (TC), TG, HDL-C and LDL-C in samples were determined by enzymatic methods with commercially available kits (Tcho-1 and TG-LH; Randox Laboratories Ltd., Crumlin, UK; Cholestest N HDL and Cholestest LDL; Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan, respectively). Serum apolipoprotein (Apo) AI and ApoB levels were detected by the immunoturbidimetric immunoassay using a commercial kit (APO CAL; LP3023; Randox Laboratories Ltd.) (32, 33) .
DNA amplification and genotyping. Genomic DNA was extracted from peripheral blood leukocytes using the phenol-chloroform method (32) (33) (34) (35) Statistical analysis. All statistical analyses were performed using the statistical software package SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). Qualitative variables are expressed as the raw count and percentage. The mean ± standard deviation was used for the presentation of quantitative variables. Genotypic and allelic frequencies were calculated by direct counting and the standard goodness-of-fit test was used to assess the Hardy-Weinberg equilibrium. A χ 2 test was used to evaluate the difference in genotype distribution and gender ratio between the groups. The difference in general characteristics between the Mulao and Han populations was assessed using Student's unpaired t-test. The association between the genotypes and serum lipid parameters was examined using analysis of covariance. Gender, age, BMI, blood pressure, alcohol consumption and cigarette smoking were adjusted for the statistical analysis. In order to evaluate the correlation between serum lipid parameters and several environmental factors, multiple linear regression analysis with stepwise modeling was also performed. Two-tailed P<0.05 was considered to indicate a statistically significant difference.
Results
General characteristics and serum lipid levels. Table I shows the general characteristics and serum lipid parameters of the study populations. As compared with the Han population, the Mulao population had higher serum LDL-C and ApoB levels (P<0.05 for each). No significant differences in the age, height, weight, BMI, waist circumference, blood pressure, serum glucose, TC, TG, HDL-C, ApoAI, ApoB, the ratio of ApoAI to ApoB, the percentages of subjects who smoked cigarettes and the ratio of males to females were identified between the two ethnic groups (P>0.05 for all). 
Results of electrophoresis, genotyping and sequencing.
Following amplification of the genomic DNA of the samples by PCR, the PCR products of 452 bp nucleotide sequences were observed in the samples (lanes 1-4; Fig. 1 ). The genotypes identified were named according to the presence (C allele) or absence (A allele) of the enzyme restriction sites. Thus, the AA genotype is heterozygote for the absence of the site (bands at 452 bp; lanes 5 and 6; Fig. 1 ), the CA genotype is heterozygote for the absence and presence of the site (bands at 452, 282 and 170 bp; lanes 7 and 8; Fig. 1 ) and the CC genotype is homozygote for the presence of the site (bands at 282 and 170 bp; lanes 9 and 10; Fig. 1 ). The AA, CA and CC genotypes detected by the PCR-RFLP were also confirmed by sequencing (Fig. 2) , respectively. Han populations (P<0.01 for each). Significant differences were identified in the genotypic and allelic frequencies between males and females in the Mulao population (P<0.01), however, not in the Han population.
Genotypes and serum lipid levels. As shown in Table III , the levels of TG in the Mulao population, but not in the Han population, were different among the three genotypes (P<0.05), the A allele carriers exhibited lower TG levels than the A allele noncarriers. Tables IV  and V , serum lipid parameters were also correlated with several environmental factors, including age, gender, alcohol consumption, cigarette smoking, blood pressure, blood glucose levels and BMI in the two ethnic groups (P<0.05-0.001).
Risk factors for serum lipid parameters. As shown in

Discussion
The present study demonstrated that serum LDL-C and ApoB levels were higher in the Mulao than in the Han population. No significant differences in the levels of TC, TG, HDL-C, ApoAI and the ratio of ApoAI to ApoB between the two ethnic groups were identified. It is well known that dyslipidemia is a complex trait caused by environmental and genetic factors. Family and twin studies suggest that in numerous populations, ~40-60% of the variation in serum lipid profiles is genetically determined (7-11). Mulao is a relatively conservative minority. Lack of communication with the other ethnic groups, their original life habits and culture are still completely conserved to the present day. Glutinous rice and salted foods are their staple diet. Marriages arranged by parents were common. Prenatal betrothal and cousin marriages were also popular in this minority. Brides did not live with their husbands until the first child was born (38) . Therefore, it is considered that the hereditary characteristics and genotypes of certain lipid metabolism-related genes in this population may be different from those in the Han Chinese.
The genotypic and allelic frequencies of the rs7134375 SNP in diverse racial/ethnic groups are different, which can be found on the International HapMap project website (http://hapmap.ncbi. nlm.nih.gov/cgi-perl/gbrowse/hapmap24_B36/#search). 4 and 25 .6% in CHB. The present study identified significant differences in the genotypic frequency of the PDE3A rs7134375 SNP between the two ethnic groups. The frequency of the CC genotype was lower in the Mulao than in the Han population and the frequency of the C allele was lower in the Mulao than in the Han population (72.14 vs. 78.55%; P<0.001). These results suggest that the prevalence of the rs7134375 SNP in PDE3A may exhibit a racial/ethnic difference.
The potential association between the rs7134375 SNP and plasma or serum lipid levels in humans has been evaluated in several previous GWAS. The rs7134375 SNP has been associated with serum HDL-C levels (12) . At present, no studies have verified that it is associated with other lipid parameters. The current study demonstrated that the A allele carriers in the Mulao population; however, not in the Han population, were associated with lower serum TG levels than the A allele noncarriers. These results suggest that the associations of the rs7134375 SNP in PDE3A and serum lipid phenotypes may have a racial/ethnic specificity. cAMP and cGMP are important second messengers involved in intracellular signal transduction in numerous cell types, including vascular smooth muscle cells (VSMCs) (39) . The biological processes regulated by cAMP and cGMP in VSMCs include cell contractility, proliferation, migration, apoptosis and inflammatory responses, all of which have been implicated in the regulation of atherogenesis and post angioplasty restenosis (40) . Cyclic nucleotide PDEs are important in regulating intracellular cyclic nucleotide (cAMP and cGMP) levels and compartmentalization via degradation of cyclic nucleotides. PDE3 is the major cAMP-hydrolyzing PDE present in VSMCs and oocytes, and its inhibition by nitric oxide-induced accumulation of cGMP results in increased cAMP and protein kinase A activity (41) (42) (43) . Begum et al (44) revealed that therapies specifically aimed at inhibiting the PDE3A isoform may decrease atherosclerosis, and improve metabolic syndrome and post angioplasty restenosis. No clear mechanism on how PDE3 affects the levels of blood lipids was identified; however, it is hypothesized that PDE3 affects blood lipid levels by interfering with the expression of cAMP and cGMP. Furthermore, exposure to different lifestyles and environments in the populations resident in Guangxi may further modify the effects of genetic variation on blood lipids. The present study demonstrated that serum lipid parameters were correlated with age, gender, alcohol consumption, cigarette smoking, BMI and blood pressure in the two ethnic groups. These data suggest that environmental factors are also important in determining serum lipid levels in populations. Although Mulao and Han nationalities reside in the same region, the diet and lifestyles are different between the two ethnic groups. The individuals of the Mulao nationality are more inclined to eat cold foods along with acidic and spicy dishes. They also enjoy eating animal offal, which contains an abundance of saturated fatty acids. On the contrary, the Han people prefer to eat relatively healthy diets, which include high-quality protein, low-saturated fatty acids, and vitamin-rich vegetables and fruits. The effects of dietary macronutrients on serum lipid levels and their effects on CHD have been extensively studied (45, 46) . Serum cholesterol concentrations in humans respond more to the major dietary nutrients than to dietary cholesterol itself. Higher serum TC and TG levels have been found in the populations consuming high-saturated fatty acid diets, whereas lower levels of them have been noted in the populations with high carbohydrate or monounsaturated fatty acid diets. Thus, the findings of the present study may be helpful in identifying susceptibility genes, changing unhealthy lifestyles, and preventing environmental risk factors for lipid-related diseases.
In conclusion, the genotypic and allelic frequencies of the rs7134375 SNP were different between the Mulao and Han populations. The associations of the SNP and serum lipid levels were also different between the two ethnic groups. The PDE3A rs7134375 SNP was shown to be associated with serum TG levels in the Mulao, however, not in the Han populations. In addition, the A allele carriers were shown to exhibit lower TG levels than the A allele noncarriers.
